Purpose: To determine if a treadmill-workstation (TMWS) increases physical activity (PA) and influences anthropometric, body composition, cardiovascular, and metabolic variables in overweight and obese officeworkers. Methods: Twelve (mean age= 46.2 ± 9.2 years) overweight/obese sedentary office-workers (mean BMI= 33.9 ± 5.0 kg·m -2 ) volunteered to participate in this 9-month study. After baseline measurements of postural allocation, steps per day, anthropometric variables, body composition, cardiovascular, and metabolic variables, TMWS were installed in the participants' offices for their use. Baseline measurements were repeated after 3 and 9 months. Comparisons of the outcome variables were made using repeated-measures ANOVAs or nonparametric Friedman's Rank Tests. Results: Between baseline and 9 months, significant increases were seen in the median standing (146-203 min·day -1 ) and stepping time (52-90 min·day -1 ) and total steps/day (4351-7080 steps/day; P < .05). Correspondingly, the median time spent sitting/lying decreased (1238-1150 min·day -1 ; P < .05). Using the TMWS significantly reduced waist (by 5.5 cm) and hip circumference (by 4.8 cm), low-density lipoproteins (LDL) (by 16 mg·dL -1 ), and total cholesterol (by 15 mg·dL -1 ) during the study (P < .05). Conclusion: The additional PA energy expenditure from using the TMWS favorably influenced waist and hip circumferences and lipid and metabolic profiles in overweight and obese office-workers.
The obesity rate among American adults increased from 13.4% in 1960% to 34% in 2006. 1 The current obesity epidemic has been attributed to an increase in the rate of energy intake and a decrease in physical activity (PA) energy expenditure. [2] [3] [4] The modern environment promotes an inactive lifestyle through sedentary jobs, motorized transport, and inactive forms of entertainment. 3, 5 Over the past 60 years, American jobs have become highly sedentary in nature. 3, 6 For instance, between 1950 and 2000, the percentage of adults employed in highactivity occupations declined by 33% and the percentage of adults employed in sedentary occupations increased by 76% 3 . In addition, in 2000, almost 50% of the American workforce was employed in seated jobs. 3 The increase in the obesity rate among American adults corresponds with the shift from highly active to more sedentary jobs. 3, 7 Because American adults spend almost 50% of their waking hours at work and as occupations with higher levels of PA reduce the risk for being overweight or obese, researchers are targeting the workplace to introduce interventions to tackle the current obesity epidemic. 6, [8] [9] [10] A potential intervention for the worksite is the treadmill workstation (TMWS). It consists of a motorized treadmill that slides under a height adjustable sit-to-stand table and a regular office chair can be accommodated next to the treadmill if the user chooses to sit. In 1989, Edelson and Danoff 11 first proposed this concept to counter the hazards of continuous sitting at the workplace (ie, musculoskeletal discomfort, mental stress, and low alertness). In 2005, Levine and Miller 10 suggested that the TMWS could be used as a potential weight loss intervention. They showed that obese individuals walking at 1 mph while working expended 198 kcal·hr -1 as compared with only 72 kcal·hr -1 during seated work. 10 In addition, obese individuals spend about 120 min·day -1 more time sitting down than lean individuals, and they spend about 150 min·day -1 less in the upright position. [12] [13] [14] Thus, Levine and Miller 10 speculated that, if obese individuals replaced 2 to 4 hours of seated work per day with walking while working, they could lose approximately 20 to 30 kg of their body weight per year.
Empirical studies are needed to determine the effects of using a TMWS at the work place on PA, anthropo-metrics, body composition, and other physiological variables in sedentary overweight/obese office workers. Therefore, the purpose of this study was to determine if a TMWS increases PA and influences anthropometric, body composition, cardiovascular, and metabolic variables in overweight and obese office workers.
Methods

Participants
Twelve University of Tennessee faculty and staff members (5 males and 7 females; mean age = 46.2 ± 9.2 yrs) volunteered to participate this study. Table 1 contains baseline physical characteristics of the participants. All participants were recruited through an advertisement in an online university newsletter. To participate in the study, volunteers needed to be between 20 and 65 years of age, have a body mass index (BMI) above 28 kg·m -2 , have an office with an area of at least 49 square feet, be engaged in seated office work for most of the day, and be able to walk continuously for 60 minutes. Women who were pregnant were not eligible to participate.
Those who responded to the advertisement were interviewed to determine participation eligibility. Participants were then screened using a health history questionnaire to determine any contraindications to exercise. This questionnaire determined if participants were under any medications or had any past history or current symptoms of cardiovascular, pulmonary, or orthopedic conditions that could prevent participation. Participants who checked "yes" to any past history or current symptoms item on the questionnaire were required to produce a letter from their personal physician giving approval for their patient to participate in the study. All study participants provided written informed consent. The University of Tennessee Institutional Review Board and the University of Tennessee Graduate School of Medicine Institutional Review Board approved the study protocol.
TMWS
The TMWS consisted of a rectangular sit-stand table (Series-5 AdjusTable Height Table, Details, Grand Rapids, MI) and a treadmill (T1450; Vision Fitness, Lake Mills, WI). These components were purchased separately and assembled in the Applied Physiology Laboratory . The  height adjustable table had a work surface measuring 152  × 74 cm, which could be lowered to a minimum height of  65 cm for seated work and raised to a maximum height  of 116 cm above the treadmill deck. The recommended  table heights for performing normal sitting and standing  work are 70 to 78 cm and 95 to 115 cm, respectively. 15 The treadmill console was modified to fit on a sliding tray on the underside of the tabletop to allow users easy access to the treadmill controls. The TMWS was constructed in a way that would allow the user to alternate between treadmill walking and sitting by simply stepping off the treadmill and sitting on the chair after adjusting the table to a desired height by means of an electronic motor. The workstations were installed in the offices of the participants after all baseline measurements were completed. If desired, the participant's LCD computer monitor was mounted on a flexible flat panel radial arm (FLEXmount, Innovative Office Products, Easton, PA), allowing the participant to move it anywhere above the work surface to suit working while walking, standing, or sitting. Participants were not given any recommendations on the duration (hours) or speed (mph) of walking bouts at the TMWS. In other words, participants were allowed to walk at self-selected speeds and durations at the TMWS during the course of the study.
Study Protocol
The total duration of the study was 9 months. During the study, participants were asked to maintain the same PA and dietary habits outside of work that they had followed before the TMWS installation. All variables were measured before the installation of the TMWS in the participants' offices (baseline), 3 months after the installation, and a final measurement at the end of the study. During these 3 time points, anthropometric variables, body composition, bone mineral density, and resting HR and BP were measured. Participants were asked to avoid participating in strenuous PA and consuming any food 4 and 2 hours before testing in the laboratory, respectively.
PA Measurement
The activPAL (PAL Technologies Ltd., Glasgow, UK; 20 g, 35 mm × 53 mm × 7 mm) was used to objectively measure PA in steps per day and the total time spent walking, standing, and sitting/lying. This device has been shown to be valid and reliable in measuring posture allocation and steps per day. [16] [17] [18] [19] The activPAL detects accelerations of the limb and distinguishes limb position. Data from the activPAL was downloaded to a computer using the PAL Professional software (version 5.8.2.2) provided by the manufacturer. Before their laboratory visits, participants wore the activPAL during all waking hours for 2 workdays. The device was placed on the midline of the thigh, one-third of the way between the hip and the knee. It was attached to the skin with hypo-allergenic medical tape (Tegaderm HP, 3M Health Care, St. Paul, 
Anthropometric Measurements
Anthropometric measurements included height, weight, and waist and hip circumferences. Height was measured using a stadiometer and weight was measured using a calibrated electronic scale (Tanita Corp. of America Inc., Arlington Heights, IL). Circumferences were measured while the participants were standing with a spring loaded Gulick tape measure. Waist circumference was measured at the narrowest part of the torso between the xiphoid process of the sternum and the umbilicus. Hip circumference was measured at the maximal circumference of the buttocks. 20 Duplicate measurements were made at both circumference sites. If these measurements differed by more than 5 mm, additional measurements were made. 20 The average of the closest 2 measures (within 5 mm) at each site was used to represent the circumference measures. 20
Body Composition
Body composition was obtained using whole body air displacement plethysmography (BodPod, Life Measurement Inc., Concord, CA). The BodPod has been shown to be a valid and reliable method to estimate percent body fat. 21 During testing, participants wore lycra/spandex swimwear and a swim cap and did not have any metal or jewelry on their person. Each participant was seated inside the sealed chamber of the BodPod and underwent 2 to 3 measurement trials. In addition, truncal fat mass (subcutaneous and intermuscular fat in the trunk) was obtained using dual energy x-ray absoptiometry (DXA) (GE Lunar Bone Densitometer 8547, GE Lunar Corp., Madison, WI). 22 During DXA testing, participants wore clothing that was free of metallic components or buttons and removed all jewelry and metallic objects from their person. Truncal fat mass was calculated using the software provided by the manufacturer (enCORE 2002, version 6.70.021, GE Lunar Corp., Madison, WI).
Hemodynamic Measurements
Resting HR and BP were measured in all participants in the seated position. After a 5-minute rest, the investigator palpated the participant's radial pulse and counted the number of beats for a 30-second interval and doubled it to obtain HR in beats per min. 23 After the HR measurement was completed, BP was measured using the auscultation technique with a stethoscope and a mercury sphygmomanometer in accordance with the American Heart Association recommendations. 24 
Lipid and Metabolic Profiles
After fasting for at least 12 hours, participants had their blood drawn at the University of Tennessee Medical Center Outpatient Clinic. Approximately 10 ml of blood was withdrawn from the participant's antecubital vein. Blood assays to determine lipid and metabolic profile were conducted. Serum lipid profile variables included LDL, high density lipoproteins (HDL), very low density lipoproteins (VLDL), total cholesterol, and triglycerides. Metabolic variables included plasma glucose, insulin, and glycosylated hemoglobin.
Dietary Intake
To examine if there were any changes in caloric intake over the course of the study, 3 separate 24-hour dietary recall interviews were conducted at each of the 3 time points: baseline, 3 months, and 9 months after installation of the TMWS (for a total of 9 dietary recalls per individual). During each measurement period, participants were asked to recall their dietary patterns on randomly selected nonconsecutive days of the week (two weekdays and 1 weekend day). Each 24-hour recall was administered using a telephone interview and the Nutrition Data System for Research software (NDSR, Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN). These interviews were conducted at a time that was convenient for the participants by qualified research personnel who were trained and experienced in using the NDSR. The NDSR software prompts the interviewer to obtain specific and quantitative detail of every food or drink consumed during the previous day. Data on the total calories, total fat, saturated fat, and cholesterol were used in the data analyses.
Data Analyses
Data analyses were conducted using SPSS version 17 for Windows (SPSS Inc., Chicago IL). All variables were examined for normality. Data distribution patterns dictated whether we used parametric or nonparametric tests to make comparisons among the variables. 25, 26 Data from the activPAL on the total time spent sitting/lying, standing, stepping, total steps per day, and energy expenditure in MET·min·day -1 measured at baseline, 3 months, and 9 months after installation of the TMWS were analyzed using nonparametric Friedman's Rank Tests.
One-way repeated-measures ANOVAs were used to compare mean differences among the anthropometric measures (weight, BMI, and waist and hip circumferences), body composition measures (percent body fat, total fat, fat free mass, and truncal fat mass), hemodynamic measures (resting HR and systolic and diastolic BP), serum lipid (LDL, HDL, VLDL, triglycerides, total cholesterol, and LDL-HDL ratio), metabolic (plasma glucose, insulin, and glycosylated hemoglobin), and dietary variables obtained at baseline, 3 months, and 9 months of the study.
If any of the ANOVAs detected significant differences, post hoc pairwise comparisons with Bonferroni corrections were conducted to identify the differences. If any of the Friedman's Rank Tests detected significant differences, nonparametric Wilcoxon Signed Rank Tests were conducted to identify the differences. The level of significance was set at 0.05.
To examine the relationship between the changes in PA (if any) between baseline and 9 months on the changes in the outcome variables, Spearman's Rank Correlation coefficients were computed between these variables.
The change in steps per day was used as the independent variable and the changes in the outcome variables were the dependent variables.
Results
The time spent sitting or lying significantly declined from baseline to 3 (P = .005) and 9 months (P = .006). The time spent standing increased from baseline to 9 months (P = .013). The time spent stepping increased from baseline to 3 (P = .003) and 9 months (P = .003). Steps per day increased from baseline to 3 (P = .003) and 9 months (P = .005). Figure 1 shows the recorded steps/day at baseline, 3, and 9 months for each participant. Table 2 Figure 1 -Individual changes in steps/day at baseline, 3, and 9 months. Figure does not include 1 participant who increased steps/ day from 3712 to 48,251 and 38,446 steps/day after 3 and 9 months, respectively. shows changes in the variables measured by the activPAL. There were no significant changes in the aforementioned variables between the 3-and 9-month periods. Statistical analyses detected no significant differences in body weight (P = .083) and BMI (P = 0.080) of the participants at baseline, 3 months, and 9 months of the study. Although there were no significant effects of using the TMWS on weight and BMI, these variables demonstrated a trend as participants lowered their body weight by an average of 2.5 kg of their weight and lowered their BMI by nearly 1.0 kg·m -2 by the end of the study. However, significant differences were observed between baseline and 9 months for waist circumference (P = .001) and hip circumference (P = 0.001). Figure 2 shows the changes in the anthropometric variables.
Statistical analyses of body composition variables revealed that although mean percent body fat decreased from 44.4 ± 5.8% at baseline to 42.4 ± 7.4% at the end of the study, this 2 percent decrease did not attain statistical significance (P = .095). The change in body composition was primarily due to a 2.8 kg mean decrease in total fat mass (P = .067) rather than a 0.4 kg mean increase in fat free mass (P = .276). A nonsignificant decrease of 1.3 kg was also observed in truncal fat mass between baseline and 9 month measurements (P = .095). The changes in body composition are shown in Figure 3 .
No significant differences were observed among resting HR and BP (systolic and diastolic) measurements made at the 3 time points. Using a TMWS significantly lowered LDL (P = .005) and total cholesterol (P = .016) between the 3 and 9 month measurements, but had no significant effects on the other components of the lipid profile. For the metabolic profile variables, only glycosylated hemoglobin percent showed a statistically significant decrease during the study (P = .001). Changes in the hemodynamic, lipid, and metabolic variables can be seen in Table 3 .
Dietary analyses importantly revealed that our participants did not significantly change their energy, total fat, saturated fat, and cholesterol intake during the course of the study (P < .05). The means and standard deviations of the dietary variables are shown in Table 3 . A significant correlation was observed between the increase in steps per day and magnitude of the decrease in systolic BP (ρ = 0.818, P = .001). There were no significant correlations between the change in steps per day and the changes in all other outcome variables. These correlations can be seen in Table 4 . Levine and Miller 10 (2007) proposed that replacing 2 to 4 hours of seated work with slow walking (approximately 1 mph) and working at a TMWS would result in a substantial annual weight loss in overweight and obese participants. The current study, which examined the longitudinal effects of slow walking while working at a TMWS in overweight and obese office workers demonstrated that replacing sedentary sitting time with standing or walking resulted in declines in waist and hip circumferences, while simultaneously improving the lipid and metabolic profiles. However, only marginal reductions in body weight were observed (P = .083).
Changes in PA
The activPAL identified significant and desirable changes in postural allocation among our participants after the TMWS were installed. At baseline, the time spent sitting/lying in our participants was similar to that reported by Levine et al (2005) and Johanssen et al (2008). 13, 14 At the 9-month time point, there was a decrease in the median time spent being sedentary (sitting/lying) and a corresponding increase in the median values of upright time (standing/ walking), compared with baseline.
As compared with the 3-month measures, small changes at 9 months could have resulted from 2 factors. Three participants had personal problems that included the loss of a family member in 1 participant and medical conditions unrelated to the use of the TMWS in 2 other participants. In addition, after approximately 5 to 6 months of using the TMWS, 6 participants complained about a mechanical problem with the treadmill that prevented continuous walking for prolonged durations. This resulted from the treadmill motor becoming overloaded because it was not specifically designed for slow walking over prolonged durations. This problem was overcome by setting the walking speed to faster than 2 mph, or by using the treadmill for shorter intervals of 20 to 25 minutes when walking speed was lower than 2 mph.
Anthropometry and Body Composition
There is evidence suggesting that a weight loss in excess of 5% of initial body weight substantially improves risk factors for diabetes and heart disease. 27 Weight loss among our participants ranged between 0.5 to 10.5 kg. Among the 12 participants in our study, 3 lost in excess of 5% of their initial body weight. In addition, 6 participants lost 5% or more of their fat mass (range = 3-11.7 kg) after using the TMWS.
In a review examining evidence from weight-loss intervention studies ranging from 4 to 12 months in duration, Wing et al 28 reported that structured exercise alone produces a modest weight loss of approximately 2.4 kg. A 9-month study by Schnieder et al 29 examined the effects of a 10,000 steps per day goal in overweight men and women. In that study, participants increased PA by approximately 3900 steps per day, resulting in a mean weight loss of 2.7 kg and a loss of around 2% body fat. Moreau et al 25 reported a weight loss of around 1.3 kg after a period of 6 months in women who increased walking by around 4300 steps per day. Although participants in the current study increased PA by around 2800 steps per day through slow treadmill walking (average speed 1.5 mph), the average weight loss was still comparable to that reported by Schnieder et al and Moreau et al 29, 30 The changes in waist and hip circumferences in the current study were greater than those reported previously where a similar amount of weight loss was observed. 29, 30 On average, the participants in our study lost 5.5 and 4.5 cm at the waist and hip, respectively. However, a study by Ross et al 31 found exercise-induced mean weight loss was 7.5 kg, and the mean decreases in waist and hip circumferences were 6.5 cm at both sites. Similarly, Mayo et al 32 reported a mean weight loss of 12.0 kg in obese participants after exercise training, and also saw greater-than-usual decreases in waist (by 14.2 cm) and hip (8.6 cm) circumferences. In addition, Ross et al 31 found a significant decrease of 1.1 kg fat in abdominal visceral fat among their participants. Although we did not have a direct measure of abdominal visceral fat, truncal fat measured by the DXA is a reflective of abdominal visceral fat. 33 In the current study, participants reduced truncal fat by approximately 1.3 kg between baseline and the end of the study. Both Mayo et al and Ross et al attributed the large decreases in waist circumferences to the stimulation of lipolysis and oxidation of abdominal fat in response to PA in obese individuals. 31, 32 We believe it is likely that the increased energy demand of using a TMWS is met primarily by fat oxidation, which caused the observed decreases in waist and hip circumferences. This is supported by the finding that there were no changes in the caloric intake of our participants throughout the study.
Hemodynamics
Engaging in light intensity PA through use of a TMWS did not significantly alter resting HR and BP. However, decreasing trends were observed in HR and systolic BP. Resting HR in our participants was lowered by approximately 7.5 beats·min -1 . Belardinelli et al 34 showed that light intensity exercise training (40% of maximal aerobic capacity) for 8 weeks in unfit individuals, is sufficient to lower resting HR by approximately 14 beats·min -1 .
As compared with the current study, the greater drop in resting HR observed by Belardinelli et al may be attributable to a higher intensity of exercise performed by their participants.
A nonsignificant decrease in systolic BP (approximately 6.6 mmHg), which was quite comparable to that seen in other studies was also observed. 35 Eight of the 12 participants in this study were prehypertensive or hypertensive at baseline. 36 At the end of the study, 4 out of these 8 participants were able to normalize their BP status. A significant correlation between the changes (baseline vs. 9 months) in steps per day and systolic BP values suggests that increasing the volume of PA causes an increase in the magnitude of the decrease in systolic BP.
Lipid and Metabolic Profile
According to the standards of the National Cholesterol Education Program (NCEP), 37 all of our participants had high baseline LDL, total cholesterol, and triglyceride levels. The highest recorded mean value for LDL was at the 3-month measurement (131 ± 36 mg·dL -1 ). Nevertheless, the elevated mean LDL level observed at the 3-month measurement was lowered by around 16 mg·dL -1 by the end of the study. In addition, HDL levels increased marginally during the course of the study. Our findings are consistent with previous studies where long term, low-moderate intensity PA has favorably altered LDL, triglycerides, and HDL levels in elderly and overweight/ obese adults. 38, 39 Although light intensity activity has been associated with improving fasting plasma glucose status, we did not observe any significant trends among our participants. 40 However, there was a significant decline in glycosylated hemoglobin from baseline to the end of the study, which suggested some degree of improvement in glycemic control. Glycosylated hemoglobin reflects the average plasma glucose levels over the past 3 months and has been suggested to be a better indicator of long term glycemic control than fasting plasma glucose. 41 
Practical Implications
On the whole, our study demonstrated that sedentary office workers can increase PA and reduce sedentary time, by using a TMWS. The TMWS provides the option of being more active at work, rather than solely relying on leisure time PA. Unlike worksite wellness programs that focus on engaging in moderate to vigorous activity, the TMWS promotes an increase in light intensity activity during regular office hours. Thus, some people may find it a more acceptable way to expend energy. This is reinforced by the fact that participants increased PA and decreased sedentary time voluntarily (ie, these increases were seen even though the participants were not given any recommendations on the use of the TMWS). It is also possible that light intensity activity at the TMWS may enhance long-term adherence. For example, at the end of the study, 11 out of 12 participants opted to keep the TMWS in their offices.
American adults gain approximately 0.6 to 1 kg a year. 42, 43 Hill et al 42 suggested that increasing energy expenditure by an average of approximately 100 kcal·day -1 could prevent weight gain in almost all Americans. 42 The participants in our study were able to replace sedentary time with upright time, which not only helped them prevent weight gain, but also resulted in an average weight loss of 2.5 kg. Levine et al (2007) recommend using a TMWS to replace 2 to 4 hours a day of sedentary time with slow walking (1 mph). In the current study, we found some positive results in certain variables even though our participants did not achieve the levels of PA recommended by Levine et al.
Strengths and Limitations
The current study had several strengths and limitations. To our knowledge, this is the first longitudinal study to examine the effects of using a TMWS on anthropometric, body composition, lipid, and metabolic variables in overweight and obese office workers. In this preliminary study, we used an objective activity monitor that enabled us to quantify the increase in standing and stepping time attributable to using a TMWS. Multiple 24-hour recalls, the current gold standard for dietary assessment, were used to determine if diet influenced changes in the anthropometric, body composition, and blood lipid variables. Because there were no significant differences in the dietary variables throughout the study, it is likely that the observed changes in physiological variables resulted from using the TMWS.
The study has limitations, including the small sample size. Because it was a pilot study, we only had funding to purchase and install only 12 TMWS. The small sample size may have limited our ability to detect significant changes in some of the variables over the course of the study. However, we were able to detect significant effects of using the TMWS on waist and hip circumferences, LDL, total cholesterol, and glycosylated hemoglobin. In addition, decreasing trends were seen in weight and body composition measures. Another limitation was the mechanical problem encountered with the treadmills of several participants, which affected the time spent walking at the TMWS. Future studies must ensure that the treadmills can handle slow paced, long duration walking. Although significant changes in the total time spent walking and standing were observed between baseline and 9 months, based on activity monitor data, we were not able to determine if our participants followed any particular pattern in using the TMWS. Future interventions using TMWS need to use direct observation techniques or PA diaries to obtain information on how participants use TMWS including the preferred period of workday (eg, morning vs. afternoon), preferred duration of walking/ standing bouts, and the total number of minutes per day they use the TMWS. A treadmill odometer would also provide useful information on the volume of walking performed at the TMWS. Information on these key elements will provide valuable insights. Finally, we did not design the study to be a randomized controlled trial. This was because our study was a preliminary investigation designed to look at the longitudinal effects of using a TMWS in overweight and obese workers using a prepost design.
Conclusion
Our study demonstrated that use of a TMWS increased the amount of time spent standing and walking on workdays, over a 9-month period, in overweight and obese office workers. This change in the office environment reduced waist and hip circumference (P < .05) and lowered resting HR, triglyceride, and glycosylated hemoglobin. The TMWS provides users with an option other than leisure time PA for expending calories. Future studies need to determine whether providing a recommendation on daily use of the TMWS can produce more dramatic results.
